Centre for Geo-Information

Thesis Report GIRS-2006-06

Location-Based 3D Visualization Services

Zhou Han

February 2006

WAGENINGEN UNIVERSITY
WAGENINGEN NN







Location-Based 3D Visualization Services

Zhou Han

Registration number 820116-987-040

Supervisors:

Dr. Ir. R. van Lammeren
Ing. A. Bergsma

A thesis submitted in partial fulfilment of the degree of Master of Science
at Wageningen University and Research Centre,
The Netherlands

February 2006
Wageningen, The Netherlands

Thesis code number: GRS-80436
Thesis Report: GIRS-2006-06
Wageningen University and Research Centre

Laboratory of Geo-Information Science and Remote Sensing






Foreword

Time goes fast. | have been in Wageningen Uniyefsit almost one and half year.

By following the courses of geo-information scientenet so many classmates and
worked with them. | gained a lot of group workingperience with them. And the

teachers are very kind and helpful. They gave neatgguidance during my study
here.

| want to thank the professors, teachers, lectedsassistants, who showed me a lot
in the geo-information world. Without wronging amg | would say special thanks
to Ron and Aldo for their supervision and assisthning the past six months. They
provided me ideas and helped me to revise theshegiort. Last, thanks to my

parents for their support and believe.






Abstract

Rapid development of wireless communication teabgies combined with powerful

internet-enabled devices located by global posgygstems or cellular networks make
the location-based services more and more popiilariews enable a more realistic
representation of objects and service informatiddsavalue to the location-based
service. In order to do this, the research defiaedlient-server solution for a

Location-based 3D visualization application whictiers 3D scenes and objects
information based on the position and orientatibthe handheld users.

Position and orientation extracted from the GP& diaitowing the standard NEMA-
0183 protocol were used to control the presentabbBD scenes. 3D model was
constructed mainly using extrusion of different gedric features. Objects
information was provided by accessing to the sefi@n the client devices. The
testing results concluded that the position an@ndation properly controlled the
displaying of 3D scenes and the objects informatias accessible.

Orientation should be processed more accuratelythedange of the orientation
degree can be adjusted by realizing the variaticdhe@GPS data. 3D model could be
automatically built and properly clipped under aartcriteria.

Key words: Position, Orientation, GPS, 3D model, Objects infation, Client-
Server.
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Location Based 3D visualization iBesv

1. INTRODUCTION

1.1 Background

Nowadays, wireless technology is rapidly developiatgch make people do not have
to restrict in a fixed location to use the compgtiresource. And the related the
commerce is becoming more and more available. Téneldpment in wireless
communication is leading to provide more opporiesitfor commercial companies
and education also. People who have the mobilecdswvould like to gain some
information related to their locations. Wirelessntounication technologies combined
with Internet-enabled devices constitute an idéatifgrm for that purpose. With the
small but powerful devices which can be locatedthsy satellite system or cellular
networks [1], the Location Based Service (LBS)aadible. Revenues from location-
based service (LBS) in the European market wereoappately € 108 million in
2004 and the predictions by Berg Insight indicatieat LBS could contribute with
over € 2 billion by 2009 in Europe [2]. In the wholvorld, the revenues will be
around $40 billion in 2006.

Location-based services are services that areecelad such or by their information
contents to certain places or locations [3]. Alllm® applications are based on the
ability to provide remote access to data sourcesnfrmobile devices. What

distinguishes Location-based Services from a pxtensibility service (such as email
access from a handset) is how critical locationrimiation is to the added value to the
user [4]. Services that add value by using thetionacomponent are called location-
based services [5].

Mobile handheld computers and Personal Digital gtasits (PDA) such as PocketPC
[6] and Palm [7] devices are now gaining acceptanthey are used in

communication and provide a platform for servicésey provide a way to access
information that is stored locally on the PDA orcessed from a server through a
wireless connection. The information can also flokhe opposite direction where the
PDA is used to collect data from the constructieaidf and send the data back to
desktop applications for subsequent processingAiBlexample of commercial usage,
Is a tourist using a tourist information systemttbdamands a map of the current
location or descriptions of sights around him orsk# [9] or other services such as
city guide and navigation system. In the educatisage, the PDA with a connection
to GPS [10] can provide the mobile communicatiothweachers and other students
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Location Based 3D visualization iBesv

and also location based information, specially wisédr field practices, excursions
etc. .

Currently, most people are using the second geoardigital public mobile networks
including Global System for Mobile communication6SM), CDMA standards
(Qualcomm, USA) and PDC (Personal Digital Celluldi,T DoCoMo, Japan) [1].
For the 2G+ or 2.5G, this includes High Speed Qir@witched Data (HSCSD),
General Packet Radio Service (GPRS) and EnhancedRdes for Global Evolution
(EDGE) [11]. All the above network generations sapport LBS [12]. And the 3G
networks will enable speeds up to 2 Mbps for fix@avironment, 384Kbps for
pedestrian and 144Kbps for vehicular traffic [13Jniversal Mobile
Telecommunications System (UMTS), one kind of 3@&woeks, supports up to 1920
Kbps data [12].

1.2 Problem Definition

In 2004 the Vrije University Amsterdam and WagerindJniversity have started a
joined project called MANOLO [14]. One of the magwoals of the project is the
wireless use of digital media, such as LBS and G&Support communication and
community-forming in the digital learning environme One of the methods to
achieve the main goals is by the development omgkas of w- and m-learning
applications.

Determining the location of the user is one of thest important functions of the
future mobile computing environment [9]. The teclmgical infrastructure consists of
mobile networks, mobile devices and positioning htetogies. Requirements
considered for the LBS domain refer to all the imed actors i.e., the mobile users,
the telecom operators, the service providers,lgdtdn this thesis work, an application
Is designed that is using the wireless technolagycdnnect the client side user
interface and the server side which stores the data

In order to provide convenience to users, for msta tourists walking or cycling
through the landscapes with mobile devices canlyegst relevant outlook on
historic, temporary or future situations of theaar€or example they can see their
locations captured by GPS on the digital map whscHisplayed on PDA or smart
phones. Nowadays, most of the landscapes and thee fohanges are seen in a 2D
reference such as aerial photos [15]. While sonpdamented location-aware mobile
guides use 2D maps to show the area where theisidecated, pinpointing the
position and providing visual information on theut® the user has to follow to reach
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specific destinations [16]. But our real world ieg¢e dimensions (3D). A 3D display
on the devices can give information [16] to therigig that they can clearly compare
the spots to what it looks like in history and whatould be in future. An example of

such location system is “Roman Limes” [17]. Toufisfowing the limes could see

what happened thousand years ago and the planrmdjedh around in future. 3D

views enable more realistic representations of gharand it is one of the added
values to the users for this location-based sesvi€her added values could be
services based on text, animation, small movies smehd. A location-based 3D
visualization combined with other services usirigratserver mode is a solution.

Some researchers (e.g. [5, 18]) are investigatidgy@&phics as a more intuitive and
user friendly way to provide information on the exmental area. However, 3D
visualization is not common now and people may duk lof experiences using it.
Because of the small display screen and a lackemhony on the devices [8], it is still
a problem how we visualize and how we provide #wises. Currently, we can use
devices such as PDA, mobile phones or a TableV#Atat can be show on the screen
Is the landscape seen from the direction in whieh user is moving. The service
could be some information automatically displayedisers or by a user’s choice of
interests.

1.3 Research Objectives and Research Questions

The general research objective is:

To define a client-server solution for a Location-bsed 3D visualization
application which offers 3D scenes and objects infmation based on the position
and orientation of the handheld users.

The general research objective is divided intoaegequestions:

What components does this application consist of?

How to capture the position and orientation?

How to present the 3D model?

How the linked object information (texts, sound asgimations, etc.) are

offered?

5. How can the application, resulting from the pregiaesearch questions be
tested to assess its usability?

hrwbdPRE
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1.4 Report Outline

In chapter 2 ‘CONTEXT’, an explanation of locatibased services is presented.
Several wireless communication and positioning rietdgies are treated. Two 3D
visualization technologies are introduced. A bagscription of Client-Sever mode is
finally given which provide the objects informatioelated to the location of the
users’ handheld (Question 4).

In chapter 3 ‘CONCEPT’, two important questions answered. One is how to get
the proper position and orientation of the usedsdheld (Question 2). The second
one is about presenting the 3D model (Question 3).

In chapter 4 ‘DESIGN’, the application architectusedesigned. Next, three kinds of
handheld devices are compared. Then how the 3Datataobjects information data
are stored and processed are explained. The desigiser interface and use of
wireless network is introduced before the list jgblécation approach steps.

In chapter 5 IMPLEMENTATION’, it starts from thehoices of hardware and
software, and then tells about the decision baseth® concepts and design. Finally
how each it is implemented in the application.

The last two chapters are TESTING, and CONCLUSIORISCUSSION and

RECOMMENDATION discuss subsequently the researastions 5 and the original
research objective for the whole application. Tésgtihg focuses on the usability of
the application.
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2. CONTEXT

In order to answer the research questions for atitmt-based 3D virtual outdoor
world, the definition of LBS should be clear. Sodefinition is given and three
generations of LBS are listed together with thelated services. The figure 2.1 gives
an overview of LBS and also shows the main compnarciuded in a location-
based service. It involves wireless connections dotessing the data, so several
mobile technologies from 2G via 2.5G until 3G aresctibed. It also relies on
geographic information and position technique. ®Rwsing techniques are treated and
3D visualization is mainly explained.

Server & Database

Figure 2.1 Overview of Location-based service
A description of client-sever mode is given becatlse data are partially stored at
server side, the client-sever can use request espbnse for data transmission. The
client side in this mode is called thin client, wées processing and storage capacity
take place at the server, meaning the client doese’d to “carry this capacity” by his
own device.

Context 5
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2.1 Location-based Services

The integrated technology of geographic informasgstems (GIS), Internet, wireless
communications, location determination, and motideices has given rise to exciting
new types of information utilities that may be reéel to simply as location-based
services. These systems are making a major impaobw we navigate our world and
how business is done. Knowing where a person oecbbg at any time offers a
powerful and new kind of information. Location sees deliver geographic
information between mobile and/or static users thia Internet and/or wireless
network [19]. Location-based service is very usétause most of our datasets are
linked to location or geographic components. Ssupporting communications and
computing technologies can provide access to fthiigrmation in wide range of
applications for business, consumers and governmarket sectors.

A location-based service, in the broadest sensanysservice or application that
extends spatial information processing, or GIS bdjpias, to end users via the
Internet and/or wireless network [19]. There arsoabther definitions to location-
based service, the Pull, Push and Telemetry. Tdle fal gives an overview of them.

There are three generations location-based senvdm#ified by Gravitate, Inc.
(2000).

First generation services require the user to mbnumgpout location in the form of a
street address or postal code and are typicallyiladn@ to stationary desktop
computers or mobile units. Second generation lonatervices, which are available
today, have the ability to automatically determinagh locations on the postal code
level. Third generation location services are mooation aware, taking advantage of
more precise positional information and have theabdity to initiate services
proactively based on location. It can notify usefsrelevant events or conditions
without active participation of the user.

Context 6
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Type of Definition

Type of service

PULL — Information flow that is
expected by user [20]. Services that
use the geographic position of a
wireless device to derive information
related to that location enable users
“pull” information to them wherever
and whenever it is needed. The usel
the (active) actor.

S

Travel Directions — am here, how
do | get there?

Taxi Hailing —I need a taxi now

Mobile Yellow Pages —Where is the
nearest x?

Buying Services —Notify me when |
am near a supplier that carries the
specific item | have been looking for

Instant Information

PUSH — Information flow that is not
expected by the user [20]. Use the
location to qualify the holder as a
potential customer or recipient of a
service. The user is the passive
receiver.

Mobile Advertisements —Privacy
issue aside

Friend Finders-SMS(short message
service)

Zone Alerts —Track movement

Traffic Alerts —Status of predefined
travel routes

Telemetry — Machine-to-machine
communication enables distributed
assets to automatically notify service

providers of their location and status.

Always applied to fixed assets such
conditioner, copy machine

air

Table 2.1 Three types of definition

2.2 Mobhile Communications

Location-based services require a stable and fasghertion between the service
providers and the devices. The data transmissionnzdude maps, pictures, text, and
video stream, etc. Some information can be prdledtan the client devices but most
of time, real-time information needed when thosta dae stored remotely, like in a

central server.

GSM, globe system for mobile, is the most widelgdisnobile network all over the
world. This cellular network is the second generatnetwork and is mainly used for
phone with voice communications. By the late 1990seless industry undertook the
task of defining new wireless systems-3G, was tbdmed on packets of data. Three

new wireless standards emerged: CDMA2000 (evolutiors-95), EDGE (evolution

of GSM for existing spectrum) and WCDMA (evolutiofi GSM for new spectrum

using a 5-MHz WCDMA catrrier).

Context
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The evolution of GSM to 3G is about gradually addmore functionality to the
existing GSM network and business. It begins withupgrade of GSM network to
2.5G by introducing GPRS technology and EDGE iuhér developing step of
GSM packet data. EDGE can handle about three tima® data subscribers than
GPRS. With the continuation of EDGE standardizatibowards GERAN
(GSM/EDGE Radio access network), a full alignmeinWWaCDMA will be achieve.
The emerges of these evolutions from GSM to GPR3GE and WCDMA is a
seamless 3G UMTS (Universal Mobile Telecommunicetic®®ystem) Multi-Radio
network, which maximizes the investments in GSM &®RS. A wireless world

forum predicted in 2005 that 3G revenues will ias® to€157 billion by 2009.

Predictions may vary but the consensus is clearthigaresult will be positive for 3G
services [21].

UMTS offered data rate targets are: 144 Kbps sedhd rural outdoor, 384 Kbps
urban outdoor and 2048 Kbps indoor and low rangelamr. Its network services
have different quality of service classes for foypes of traffic: Conversational class
(voice, video telephony, video gaming), Streamirgsg (multimedia, video on
demand, web cast), Interactive class (web browsmegwork gaming, database
access), Background class (email, SMS, downloadiit])

The 4G technology has already being on the wawilllintegrate radio and television
transmissions, and consolidate world’'s phone stalsdanto one high-speed
technology [23]. The 4G network has the abilityrt@am across different wireless
network standards with the one device and has aehi¢evel of bandwidth, a
reasonable figure to expect is about 20Mbps.

2.3 Positioning Techniques

There are several options available with curresitfmming techniques for delivering
LBS. These technologies and techniques are listédhle 2.2. The main element in
the network design is the degree of accuracy wioamt p user’s location.

The telecom based technology cell ID is not aceuestough [24]. The diameter of a
cell ranges from several hundreds of meters inrurdb@as to three kilometers in
agricultural areas. Sometimes a cell can be dividenl sections enabling a reduced
cell size of up to two thirds. But it is rather epeand can be used both out- and
indoor. Considering the other three, GPS requittherea GPS receiver connected to
mobile device, or a device with a built in GPS reee Besides the higher investment

Context 8
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costs for equipment the GPS technology deliverggaen accuracy. Considered the
location-based application developed in this reseaequires high accuracy, a GPS
receiver will be used to determine the Tablet PEDBA’s position. Nowadays, a GPS
receiver always integrated an internal compass lwk&n be used to display the
direction of user and indicate the direction of tneeps. The position and orientation

data which are the most important factor for natwgain a 3D world can be

gathered.
Type Methodology Pros Cons Ind_ust_ry
Applications
Base station uses . Hard to pin Wireless network
Cell . Relatively , : ;
. radio frequency . down user’s providers, police force,
Identifier | _: widespread . )
D signals to track infrastructure exact location | banking government
(ce ) mobile device to a few meters| security, welfare
— Expensive
— User device | \ yiitary applications
Global Outdoor must be in commi,rc?aﬁ '
Positioning | 24-satellite precision direct line of applications like real
within sight PP ! .
Systems | network : , estate, security, police
five-meter — Device
(GPS) range needs special force (not as successful
in consumer settings)
embedded
chips
) Enhancement
Assisted | over GPS — No “cold
Global | Perpetually starts” The same as
Positioning | locates device The same as above
, above
Systems | and — Faster fix on
(aGPS) | coordinates data | location
flow, unlike GPS
Relies on low
Broadband gg{ém;%rblt Lower signal |
Satellite . latency with Mpie The same as above
Network architectures to user devices maintain
etwor create a global
network

Table 2.2 Mobile Network Platform [24]

More accurate solutions for location based on wsllocal area networks is suitable,
but these are only suitable for rather small aRzadio Frequency Identification both
active and passive (RFID) are proper for accuratstipn within buildings. Ultra
Wide Band (UWB) seems to be the right technology &l the service but
unfortunately it is not available yet [25].

2.4 Three-dimensional Visualization

2.4.1 VRML

Context
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Three dimensions (3D) visualize the geometric shdpe it appears in the real
world. It gives us a better comprehension of thgeab compared with the 2D
visualization, for instance, in a lot of PC gameB, is the main displaying way for
players. For location- based 3D visualization, rnfat used for displaying 3D model
on desktop computers is the Virtual Reality Modgliranguage (VRML) [26], which
is a scene description language for representingnd&active model on the web.
VRML models are displayed in VRML plug-ins [27] fdWetscape or Internet
Explorer. A VRML browser can also be developedRocketPC, but the problems of
running 3D in PocketPC are its small screen, lownowy and not very powerful
processor. In the ISO standard [28, 29], it defittes base functionality and text
encoding for VRML, and the base functionality antl kandings for the VRML
External Authoring Interface.

VRML is a file format for describing interactive 3Bbjects and worlds. VRML is
designed to be used on the Internet, intranets,lecal client systems. It is also
intended to be a universal interchange format faegrated 3D graphics and
multimedia. VRML may be used in a variety of apation areas such as engineering
and scientific visualization, multimedia presergas, entertainment and educational
titles, web pages, and shared virtual worlds.

The VRML models can be exported by CAD programs\gisindexFaceSets’ and
geometric transforms to represent all of the geomet the model. It is accurate
visual representation but its file size is largd @nocessing of model is not efficient.
ArcScene can also be exported as VRML files. ThéN/Rile will look exactly like
the 3D scene, including all features and symbdisets, and extrusions [30]. The
VRML scene's symbology cannot be altered in the lrelwser. VRML files can take
a long time to generate, and the files can be {age. TINs are generally far more
compact than grids when exporting to VRML.

2.4.2 X3D

X3D is the successor of VRML. It is an Open StaddaML-enabled 3D file format
to enable real-time communication of 3D data acrlbsspplications and network
applications It improves upon VRML with new features, advanéddl’s, additional
data encoding formats, stricter conformance, andmaponentized architecture using
profiles that allows for a modular approach to supipg the standard and permits
backward compatibility with legacy VRML data. It rcdbe used across hardware
devices and in a broad range of applications inetudCAD, visual simulation,
medical visualization, GIS, entertainment, educatipand multimedia presentations.
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X3D provides both the XML-encoding and the ScendhAring Interface (SAIl) to
enable both web and non-web applications to ingatgo real-time 3D data,
presentations and controls into non-3D content.

In ISO standard [31], it specifies the encodinghaf functionality using the technique
used by VRML. The “Classic VRML” encoding which c@hay most non-scripted
VRML (version: 2) worlds with only minor changesoihe of the technology has been
lost; instead, it has evolved into X3D. X3D has madvery large effort to maintain as
much compatibility with VRML as possible. There a@me X3D viewers, browsers
and plug-ins, commercial and freeware. The CortviRML Client 5.0 has the
expanded range of supporting X3D nodes.

2.5 Client-Server

Client-server describes the relationship betweemdamputer programs in which the
client makes a service request from another progthe server, which fulfills the
request. Although the client-server idea can beal use programs within a single
computer, it is a more important idea in a netwdrka network, the client-server
model provides a convenient way to interconnectggms that are distributed
efficiently across different locations. For exampte check the train schedules from
your computer, a client program installed at thentlcomputer forwards the request
to a server program at the a central train scheskieer, that responds the timetable
back to the client.

In the usual client-server model, server is aoctigatnd awaits client requests.
Typically, multiple client programs share the see& of a common server program,
which means multiple accesses.

The client programs and server programs are oftam @f a larger program or
application. Considering this situation, an appgioma uses the web browser or
application based browser to requests services g#mding of Web pages or
information from center database) from a Web se(Mgpertext Transport Protocol
or HTTP server) in another computer somewhere enrternet or just in the local
area network. The request can include some paresndiee object IDs, etc, then
sever will do some queries or calculations on alukzde or a geo-database according
to those parameters to fulfill the request. Finathe server will send the results back
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to client. In the Location-based services, thislkifi mode is also called as thin-client
mode.
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3. CONCEPT

Position can match the word “location” in locatibased services. However, within a
3D visualization, only position information is nemough for an application to decide
which landscape scene should be displayed. Asudt,rése combination of position
and orientation is needed to provide necessaryation” information. On the other
hand, 3D model is also important which can matah word “visualization”. The
integration of position, orientation and 3D modelka the main function of location-
based 3D visualization feasible. The figure 3.1vahaony concept for the location-
based services. The numbers 1 and 2 in this figwee what this chapter will
introduce.

Real world

Figure 3.1 Concepts of Location-based 3D visualipatService
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3.1 Position and Orientation

When there are only 2D maps to be displayed ondéwce, only position data is
enough to locate the places of landscape or perdonsome navigation systems,
when you move, the 2D maps will always keep youmdingg in front you which
means the maps are turning according to your monerki¢hat you see on the screen
is that you are always heading forwards.

When coming to the 3D scenes, most of the timepleewould like to see the
landscape in front of them or on their left or tigdow to get the scenes in front of or
beside the users when their positions are known3gimplify this question it looks
like how to ‘turn left or right’ in the 3D sceneBhe orientation is the answer which
can indicate the left or right movement. So whersifpmn and orientation are
obtained, with the predefined eye’s level, our 38ualization comes true.

3.1.1 National Marine Electronics Association (NMEA0183)

Position and orientation are both key parametergiwicorrespond to the word

“location” in 3D. A GPS receiver with internal coags should be used to get both
location and orientation and the NMEA interfacéhis protocol used to communicate
between the GPS and the application. The NMEA Ois33nost common used

standard.

The NMEA 0183 Interface Standard defines eledtrgignal requirements, data
transmission protocol and time, and specific sezgdarmats for a 4800-baud, 8 data
bits, no parity and one stop bit data bus [32, 3BEre are different NMEA format,
such as NMEA 0180, NMEA 0182 but NMEA 0183 is mofén used.

NMEA 0183 sentences are all in ASCII. Each sentdreggns with a dollar sign ($)
and ends with a carriage return linefeed (<CR><LPgta is comma delimited. All
commas must be included as they act as markersitteat field is not available.
Some GPS do not send some of the fields. A checkswptionally added (in a few
cases it is mandatory). Following the $ is the adsifield AACCC. AA is the device
id. For instance, GP means globe positioning systeceiver, LC means Loran-C
receiver. CCC is the sentence formatter, otherkas®vn as the sentence name. For
instance, RMC means Recommended Minimum Specifi§ GBRta that can provide
position, orientation and speed while GGA indicdtes globe positioning system fix
data.
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3.1.2 GPS Data

In a location-based service, we are mainly usimgfitked GPS data and also the data
which calculates the traveling direction. In thecson, we will first introduce the
format of two main data types used.

GGA data

$GPGGA, hhmmss.ss, llILI, a, yyyyy.yy, a, Xxxxx, X.X, M, x.x, M, X.x, xxxx*hh

RMC data:

$GPRMC, hhmmss.ss, A, llILI, a, yyyyy.yy, a,xx, ddmmyy, x.x, a*hh

Data is comma delimited. All commas must be inctude they act as markers even

the data in that field is not available. Table &1t 3.2 shows the meaning of number
in each type with examples:

Example
No. $GPGGA $GPGGA,143915,5159.2804,N,00539.954
4,E,1,06,01.3,13.8,M,43.7,M, ,*5E
1 | UTC of Position 143915
2 | Latitude 5159.2804
3 |[NorS N
4 | Longitude 00539.9544
5 |EorW E
5 GPS quality indicator 1
(O=invalid; 1=GPS fix; 2=Diff. GPS fix)
7 Number of.sat'ellites in use 06
[not those in view]
8 | Horizontal dilution of position 01.3
9 Antenna .altltude above/below mean sea 13.8
level (geoid)
10 | Meters (Antenna height unit) M
Geoidal separation (Diff. between WGS-84
11 | earth ellipsoid and mean sea level. -=geoid 43.7
is below WGS-84 ellipsoid)
12 | Meters (Units of geoidal separation) M
13 Age in seconds since last update from diff.
reference station
14 | Diff. reference station ID#
15 | Checksum *5E

Table 3.1 GPS data format GGA
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So, $GPGGA,143915,5159.2804,N,00539.9544 E,1,0613.8,M,43.7,M,,*5E,
means the data was taken at 14:39:15 UTC with fiagtlide 52 and 59.2804’ North
and longitude $and 39.9544’ East. Six satellites were availalbld the altitude is
13.8 meters.

Example
No. $GPRMC $GPRMC,143920,A,5159.2805,N,00539.95417 ,E
,1.07,149.95,091105,,,A*68
1 | UTC of position fix 143920
2 | Data status (V= warning, A=0k) A
3 | Latitude of fix 5159.2805
4 NorS N
5 | Longitude of fix 00539.9547
6 Eorw E
7 | Speed over ground in knots 1.07
8 | Track made good in degrees True
9 | UT date 091105
Magnetic variation degrees (Easterly var.
10 149.95
subtracts from true course)
11 | EorW
12 | Checksum A*68

Table 3.2 GPS data format RMC
$GPRMC,143920,A,5159.2805,N,00539.9547,E,1.07,24®9105,, A*68 means
the data is valid and was take at 14:39:20 on Btlowember, 2005 with latitude 81
and 59.2805’ North and longitud€ &nd 39.9547’ East. The orientation is 149.95
(360° means straight north, 183 straight south).

With this GPS data ($GPRMC), after extracting theeful data, position and
orientation problem is solved. Orientation can oggy when moving, when static, the
orientation stays the same as before the stop.

3.2 Construction of 3D Model

There are some articles that introduce how to cocistities models automatically
[34]. It involves the integration of heterogeneadlasa source which allows the access
in a common way, and then interpreting and extmdihe 2D data into three
dimensions. The location and geometric propertieshe objects should also be
properly used to match the objects in differenadaturce.
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An easy way to generate the 3D geo-data is theigstr from the objects footprints
into simple block models. The most important thisdo get the height information.
The height value can be depended on the numbédo@kfwhile the lower edge can
be derived from the digital elevation model (DEMhe height information can be
found either in a separate file containing the DHEMa or from the one field in the
attribute table. After extrusion, a point will berned into a vertical line, lines into
walls with the vertical orientation and polygondoinblocks. A natural filtering
criterion can be imported based on proximity [1&stmplify the generation. Not all
the buildings, trees, road lights, labels will bsualized in three dimensions. For a
better execution, features may not completely leeslime as the one in the same
world. The shape and location of the objects aeestime, but the textures may not
truly representative. This is a selection during tonstruction and is based on the
accuracy we want and the actual transmission sfgeerk accurate, larger size).

Another way of generation is to use CAD programitywhotogrammetry to construct
the 3D model and then export them to VRML [35]. Buaty this is not enough, there
are errors on some objects surface from perspeciave. Simplification algorithms,
feature detection and removal are involved in otdeconstruct the 3D model [34].
The VRML city model downloads in moderate time oWMWTS or ISDN or faster
lines. It renders smoothly with modern PCs and lwarfiurther improved by defining
several level-of details (LOD). The download anddering speeds could also be
improved by providing a low-detailed model with c&&r or no textures. Users with
poor 3D graphics capabilities or modems are pravidgh web pages containing
only 2D maps.

The geo-reference used is the same as the origieh we used (e.g.
“RijksDriehoekstelsel”---Dutch grid). The entire 3Dodel is constructed using this
coordinate system. When converting the objects RM\/, the original coordinate
system is transferred to a “VRML” own coordinatestgyn. The original geo-
reference will be lost. VRML file has its own spiezation. The 3D model still has its
unique positions but with different coordinateseThathematic relation between the
original grid and the VRML grid will be introducexd the next part.

3.3 Clipping of 3D Model

When users are using a location-based 3D visugizahey are usually interested in
the landscape around them, such as the nearbyirgslor forests, rivers, etc. So a
clipping of 3D model is necessary because onlyragfahe whole model has to be
displayed in order to match the real world. In ¢hent-server mode, the server will
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load the whole 3D model but only send the clippedt po the client on basis of
position and orientation. This can also save tlspaasible time caused by program
calculation and internet or wireless transmissibdata.

The clipping is happened during the run time ofdpelication. The whole 3D model
is loaded but only the clipped part of the modekisdered. When the valid GPS data
are received by GPS receiver, a 3D responsible ameahow up in the screen. The
definition of this 3D area is determined by theipos and orientation extracted from
the GPS data. The user himself or herself is censtlas one facet of the area. The
figure 3.2 below shows how it is defined.

M

Height
e e -

& & Length
Width

Figure 3.2 Definition of Cubic

Suppose the user is standing in Point A which ishim center of that line and her
orientation is facing to the North, what the usdt see is an area (= width*Length
map unitd) in front of her eyes with a fixed height. The exaumber of the width
and length can be changed depending on the siteeofeal world in the dataset.
Normally, they are measured in meters. And thehtesfjthe user, which is also said
as eye-level, in point A can be changed from tre {&m) to eye’s height (average
1.75m) or even much higher. The change of the heghgive different views of 3D
scenes to users.

In the VRML file, the original X axis matches theaxis in VRML, and original Y
axis matches the negative z axis. And the y axRIML is used to define the height
(see table 3.3).

Geo-reference VRML
X axis X axis
Y axis -Z axis
Z axis y axis

Table 3.3 Axis relationship
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So the X, Y coordinates in the geo-reference coatthg system can't directly be
used in the VRML file. A conversion was applied bging the original X, Y to
subtract the X, Y coordinates of the center pdiar example, a point in the Dutch
grid coordinate system has the value (174198.568448.757) and the center in the
research area is (174099.000, 444298.000). Aftmsreversion, a VRML coordinate
should be (99.563, vy, -20.757) considering the eedationship. But the computer still
doesn’t know which part of the 3D model should splhyed. Because only getting
position is not enough to tell the computer to thip suitable world at certain points.
Each point has 36(iews so orientation is used to determine whict wél display.
As it was said in chapter 3.1.2, orientation isegrée number betweel~@60. In
this concept, the 380s divided into 12 zones each of which include$ &ach zone
indicates one direction so there will be 12 diffdrdirections in total. If the received
degree of orientation is within the same zone,displayed 3D scenes are the same.
More zones can be defined that make the 3D scestésr Ionatch the real world, like
24 zones(18zone, 24 different directions), 36 zones(26ne, 36 directions) or even
360 zones (Xzone, 360 directions) according to the compleaftthe 3D model.

After the introduction of the concepts and consmgthe technology in chapter 2,
now figure 3.1 can be discussed in detail. The ftata the GPS receiver will be used
to extract the position and orientation by using NMMEA-0183 protocol, which is
widely used in the GPS transmission. The transoms&ietween GPS and client
devices is done by Bluetooth technology. The 3D ehadll be constructed in VRML
format with its own geo-reference system and thédeh@ stored on the server. With
the position and orientation, the clipped 3D mosdll be sent to client and displayed
on the screen of the client devices. The UMTS oRGRechnique, each of which has
high transmission speed, is used for communicabipnsending the request and
responses between client and server. The cliemesenode is quite suitable if there
are a lot of users accessing the same 3D model.
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4. DESIGN

This chapter will describe what the application siets of. Due to the specific
purpose---client-sever mode of location-based 3fualization. The requirement of
this application includes the hardware with 3D sarpgd browser, 3D model, and
software to develop the user interface and contteetclient-server via wireless.
Figure 4.1 shows the application structure andnhtimabers 1, 2 and 3 also match the
numbers in figure 3.1 which had been introducedotteef those are position,
orientation, 3D model and client-server request i@sponse. Finally, several phases
are listed in the final part which shows the apgilmn approaching steps.

4.1 Application Architecture

Client Side 1 Server Side

Position/Orientation

» 3D DataSet
VRML

browser
based user
interface

3D models

Relational Database
(objectID,
2D maps Text, Pictures, etc.)

(Optional) 7

Objects 3
information

Figure 4.1 System Architecture

There are some researchers exploring a prototygeersy of location awareness
visualization of a 3D world. Some researchers ([®.918]) are also investigating 3D
graphics as a more intuitive and user friendly wayprovide information on the
experimental area. However, limitations of curneratbile devices make it difficult to
obtain a smooth navigation of 3D representationspeeially when complex
environments (e.g., full cities) are taken into sideration.

The application consists of several components|udicg user interface, GPS
component, 3D data and information for some objethe users will see the user
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interface after clicking the icon of the applicatias installed on a handheld. And it
will display the 3D scenes and offer the requirégects information. From the user
interface, users need to activate the GPS. Thewlsanchange the height of eye-level
if they want. The description for these componéntisted below:

Components Function description

® Activate the GPS to let it work;

® Set the height of eye-level;

® Displaying position and orientation related 3D
landscape scenes on the screen;

® Displaying the user interested information predsdin
by the developer requested by users.

User interface

® Obtaining GPS data;
GPS ® Providing other components with the actual positio
and orientation.

=

® The URL of the information is stored in a databaise

Objects Information a server;
® Getting data from the right place by reading theL UR

3D data ® 3D data are made from ArcScene or 3D Max.

Table 4.1 System components and description

4.2 Devices

Most of the new mobile phones and PDA have alreaghport for GPRS, Bluetooth
and MMS, building camera and GPS components, ad wa®l sophisticated
applications, while Tablet PC is an extended degskimmputer. The description of
devices is listed in table 4.2.

In the application, Tablet PC is firstly used besmmaut doesn’t have hardware
limitations and it also has wireless connectiongmhs PDA and smart phones have
limited screen size, processors, memory, and 3plajiscapability. Then we propose
to move the application to the PDA with necessdmgnges. The GPS can connect to
both devices via Bluetooth. The table 4.3 givesdpgons for the server and client
devices.
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Devices Description
Personal Digital Assistant: A portable computingide for organizing

personal data such as telephone numbers, appoitsmamd notes|.

PDA The PDA we use can connect the GPS device by Bitletand use
Windows CE operation system.
A tablet PC is a mobile computer shaped in the fofra notebook of
a slate with the capabilities of being written dmough the use of
digitizing tablet technology or a touch screen. gerucan use a stylus
Tablet PC

or pen-enabled pen to operate the computer withaving to have a
keyboard or mouse [12]. Tablet PC is using Windods operation
system.

Windows Mobile-based Smart phones have all thaifeatof a mobilg
Smart Phones| phone, but also let you email, instant messagé tiserWeb, listen ta
music, etc.

Table 4.2 Devices description

Options Server Client Connection
My first choice Desktop PC Tablet PC Wireless LAN
Second Desktop PC Tablet PC UMTS
Third Desktop PC PDA GPRS

Table 4.3 Device options

4.3 Data Process and Storage

A test VRML version of the dataset (Alterra) hasefe made enabling

implementations of VRML players, which can be udeg mobile devices. A

combination of database of services with VRML moddl provide the location-

based services to the tourists [16]. There will dalefault 3D scene when the
application started. When receiving the positiond arientation from the GPS hold
by users when they are moving, the whole 3D modklsend to the devices, and
according to the orientation, the application desid/hich part of 3D will show up, as
there are 12 directions belong to 12 different soeach of which has its own zone
number. What the users can see is the selectettidivedf 3D scene in front of them
the size of which is 20~50 meters in length and5B0meters in width. If the user is
standing right on the boundary of two zones, theezwith smaller zone number has
the priority. If the users keep stationary, the sapwosition and orientation will

generate even the users rotated at the same phoicth was proved in the discussion
part in chapter 7. The difference between the qunaed the design is that selection
instead of clipping is happened because the whaldeimis loaded at the beginning
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actually and the application just selects the prajpection of 3D scene to display.
The clipping can be the future work after this thess it involves some complex
situations. The reason why we do not clip this timéat the database is quite small
and simple so there is no need to do this. Moreawatr all the GPS data will cause
the process of 3D model. Each time, at least 10raaximum 12 GPS records was
captured, the next step, the displaying part of3be will then start. So in average,
every 1~2 seconds the 3D model will refresh.

The height of the user’s view can be changed ioteely by selecting different

values. It can make the users have a larger sigl@nwhe height is higher, for
example 20 meters, or have a more reality landsedgas the value is low, such as
1~2 meters, the range of a human height.

Objects information is provided by clicking the 8bjects on the client devices. Then
the client will send the request to the server i object ID. After this, the related

information will response to the devices from seraed sometimes information can

automatically push to the users like pop-up infdrama The storage and process of
objects information are all happened in the sesick.

There are several alternatives how to process tanel the 3D data. If the 3D data are
stored on the server, processing could be fabkeifserver is powerful, managing and
updating the data is convenient but the transmmsesiodata to the client may time

consuming in that the connection may not be stabblhe time. The entire data can
also stored on the client but it is not suitable RDA because of its hardware
limitations and it is also very hard to updatehérte are so many PDAs. 3D data
process can be done in either server or client rdépg on the capacities of the

devices and data trade-off. The options are listede table 4.4.

. 3D data 3D data
Options storage process
Server Client Server Client
1 N N
2 \ v
3 N N

Table 4.4 Varying options to store and process 3@ada

| intend to design a client-server based systen8[3data is stored in the server and
the client will download it. Then the applicationlivgelect the 3D model instead of

clipping, and this process is done by the clieMiae So option 2 is my choice and

option 3 could be the future work with the clippimgpcess.

Design 23



Location Based 3D visualization iBesv

4.4 User Interface

Virtual Reality Modeling Language (VRML) is a scedescription language for
representing 3D interactive models on the web [8li ahe X3D, which is the

successor to VRML, is considerably more mature r@fided standards than VRML
[26] . But until now, the X3D browser is still unddevelopment. So the application
can use VRML- based browser interface. But a teafridlased application is also a
solution. Here is the comparison of the two:

Type of Application Description
* Use the browser of the devices,

so there is no software

installation

VRML-based browser * Most process will be done an
server side

* Update only at the server

» Little storage needed

» Specific software(e.g. Visua
basic) development
* Process can be done on client
and server
* Update needed for all the users
* More storage space needed

Terminal-based application

Table 4.5 Comparison of Application

In the thesis work, the terminal-based applicatwii be chose to develop the
application as visual basic provides enough intdurection for development.

4.5 Transmission

Network bandwidth limitation will be removed witlhitd generation (3G) cellular
system using Universal Mobile Telecommunicationt&ys(UMTS) [18]. UMTS is

expected to offer a powerful environment for loocatbased multimedia services [36].
The working distance of this system in our workiogndition is enough for the
application. Other technologies like LAN, WiFi (WM, GPRS or Bluetooth can
also be used. LAN has the merit of stable anddashection but you need network
cable which is not suitable for field work. We case it to test whether the user
interface, 3D data and information data is workprgperly. Wireless LAN can be
used for navigation through a building, in combimatwith RFID. GPRS is an
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alternative for UMTS unless UMTS is available astmoment. There is a simple
comparison of these three connections:

Connection Description
UMTS 1920K bit/s data transfer rates
GPRS Theoretical maximum speeds of up to 171.2K bit/s[37

Wireless Local Area Network, having averagel10Msbit/

WLAN connection and stable

Table 4.6 Three transmission technigque

XML or HTML [38] is transmitted between the clieand server side. Wireless
connections always have many factors which camueanite the connections, in the
application, this should be considered. In the ithegrk, because the WLAN is
available on the Tablet PC and the WLAN can worksiole when the handheld is
close to the wireless access node. Moreover, thngearea is just around the
buildings where the wireless can work, so WLANhe thoice. But UMTS or GPRS
is preferred in that they have no range restrici®WLAN.

4.6 Approach Phase

Depending on what has been discussed previouslytahe device, user interface,
connection, data procession and storage and seftvildre approaching steps are
shown as follows:

[. All the 3D data and objects information are stoaed processed on the client
devices, like the “Roman Limes” application [17]P& is not enabled. This
phase is to see how the application works.

II. All the 3D data and objects information are stoaed processed on the client
devices; GPS is enabled. This phase is trying $8 i@ position and orientation
to the 3D data then make the selection of datdiaatly display the 3D world.

lll. Objects information is stored and processed orséineer; 3D data is stored and
processed on the client; Wireless LAN is used fornection; GPS is enabled.
This phase is trying to make a links between cleamd server and transfer the
necessary files.

V. All the 3D data and objects information are stocedthe server; 3D data is
downloaded from the server then processed on ibetcWireless LAN is used
for connection; GPS is enabled. This phase is t® s@v the 3D data is
transmitted to the client.
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V. All the 3D data and objects information are stosed processed on the server,
then send the data to client by requests; Wirdléds is used for connection;
GPS is enabled. This is the final purpose of thesis work.

VI. All the 3D data and objects information are stoaed processed on the server,
then send the data to client by requests; UMTSRRS is used for connection;
GPS is enabled. This could be done when the Ppawserful.

The steps can be described in the following table:

3D data 3D data information . Position
storage process storage connection &
and process Orientation
UMTS Wireless No
Steps | Server | Client | Server | Client | Server | Client or GPS
LAN GPS
GPRS
| N N N N
I 3 N N N 3
IV v v N N N
v \ Y N J N
VI v v N N N

Table 4.7 Application development approach: subsetisteps
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5. IMPLEMENTATION

In order to enable the design of the prototype iappbn, it is necessary to consider
the relation between functional design and actogdlementation. In the first part,
hardware and software are chosen. Then 3D modeltlamdobjects information
database are properly created. Finally it will shthe user interface which will
connect the database in remote server, show then@&el and information of user
interested objects. At the end of each part, thwlidoe a short description if there are
some differences between the functional design amgpblementation. The
implementation of the application follows the apption approach steps in table 4.7.

5.1 Hardware and Software

To fulfill the application a Tablet PC is used. ®asis Media Bluetooth GPS receiver
will provide the position and orientation. The Sfieations are listed in the table 5.1.
In de developing phase, a common used desktop RCtirsg as a server which is
power enough for the testing purpose. GPS databwilransmitted in NMEA format
using Bluetooth technology from GPS receiver tdiappon on the Tablet PC.

Tablet PC GPS receiver
Brand HP Brand Oasis Media Bluetooth
CPU Pentium® M 1.10GHz Channels 16
Memory 512 Mb RAM Features Designed fqr urban
canyon environment
Precision 3 meters CEP (50%)
* ’
Screen 1024*768 accuracy without SA 7 meters (90%)
Wireless Intel® Pro/wireless LAN
. 2011 3B Mini & Bluetooth | Baud rate 9600 bps
Connection
by HP
Operating Windows XP
system Tablet PC Edition 2005 Update rate 1 second
Display adapter (NBXIEZIQGGFWCM 420 Interface NMEA compatible

Table 5.1 Hardware specifications [39]

| didn't choose the PDA during the implementatiomd atesting. PDA is not so

powerful to display 3D model while Tablet PC istahie for running the application.

A Tablet PC has enough storage space and is poweigb. When the Tablet PC is
used for testing, wireless LAN connection is themmonnecting technique between
the client and the server.
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The software for developing is Visual Basic 6.0slused to make the user interface.
IIS (internet information services) web server sedi for the client-server solution. At
the server side, ASP (Active Server Pages) is ngnimside the 1IS, an ADO (Active
Data Objects) connection is used to access théakdaon the server.

5.2 Position and Orientation controlled 3D Model

The 3D model below looks not highly realistic adyoblocks are made. A realistic

style is not chosen because the interface desigryiisg to generally reflect the

landscape of the real world and be able to prothdeight scene for a certain position
and orientation. The blocks are clickable. Whegkdd, the application will send a
request to the server asking relevant informatlmouathe object.

With the position and orientation, the selectedrBddel appeared on the screen. The
commands in the frame are examples of selectin§Ehscenes. Position specifies the
user position in the VRML coordinate system. Orioih determines the direction in
which the user is looking.

{ Position 101.405 10 -38.167
Orientation 0 1 0 2.09

In the example, ‘O 1 O’ specifies a rotation aladhg Y axis in the anti-clockwise
direction. As in the concept, the whole scene v&déd into 12 zones, so the range of
the angles is from -3.14 to 3.14 in VRML specifioat The number 2.09 is the
rotation angle, which is formatted in radians inMR It indicates the view direction.
The figure 5.2 shows how the selected scene lokés |

The 3D model is constructed by combining a pictofreorth part of Wageningen,

extruding buildings, trees and some characters.shipe of those buildings is similar
to those in the real world and to simplify the mipa® textures are added to those
buildings. A few trees are made directly in the VRIMe with the same trunks and

crowns. Some characters are made at differenttairescof several certain points.

Building, trees and characters are all mentionetthéntesting part. One main purpose
of the test is to know whether the applicationthetright position and orientation by

asking the number of trees or writing down the ahtars they saw.
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Figure 5.1 Three dimension scene of Alterra

Figure 5.2 Selected 3D scene

5.3 Database

The table 5.2 is part of the simple database storethe server. This table includes
three attributes: ObjID, Name and Description. Fég®.3 shows the basic four

procedures of sending requesting from client arntingeresponse from server.

When the server gets the request, an ADO connediep 1) is created, and opens
the database. Next it opens record set (step &).uBer will see the descriptions
extracted from the ‘Description’ field in the seied record by specifying the ObjID

or name (step 3 & 4).
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Buildings
ObjID Name Description
1|Alterra Alterra in Wagenigen. New name: Gaia
2|West Alterra  |Environment building on the west of Alterra
3|East Alterra  |Library and Canteen. New name: LUMEN

Table 5.2 Simple Database on the Server

Here is the ADO connection and open scripts:

<%
set conn=Server.CreateObject("ADODB.Connetjion
conn.Provider="Microsoft.Jet. OLEDB.4.0"
conn.Open "c:/webdata/userinterestedinfo.mdb”
set rs=Server.CreateObject("ADODB.recordset")
rs.Open "buildings”, conn

%>
Request from Client

A
1.0pen file 4. User requested
v Information
Server
2. Connect to 3. Query results
Database &
Query

Figure 5.3 Querying from database

5.4 User Interface

The application interface is implemented in Visbasic environment to simplify the
interface design by dragging the components, fataince, buttons labels, instead of
writing the code. And it also has its own comporfeninternet connection.
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i, Location-Based 3D Yisualization

Fomlog | GFS | Height of View: [10 [ Stap |

Figure 5.4 User interface

After downloading the 3D model into the applicatimhder, in the user interface, as
figure 5.4 shows, it includes the main frame whitwe@ 3D model will be displayed.
Four buttons are located at the bottom. When themA_og’ button is clicked, a form
like figure 5.5 will appear. By clicking the buttdRead sentence from log’, the
application will read the GPS data from the log fithere the position and orientation
data is stored. Finally, a selected 3D model wilbvg up in the main screen. The
button is used for testing and if the users hadrosx their tracks when they were
moving. This function can let them see their fomt{gragain.

=Y

EPS data

MMEA Sentence: Walid

I$EF’v‘TG,284.DS,T,,,D.DI],N,EI.EID,K;“-‘«“?S

Figure 5.5 Navigating by Log files
The figure 5.6 is the form after clicking the but@&PS’. This module will connect
the GPS, and show the received GPS data in an staddable way. At the right
bottom, if the ‘save to log file’ is checked, aliet GPS data will be recorded and
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stored in a log file. So users can use the ‘frogi button to see their route as it was
told in the previous paragraph.

< ors mformation =T

—Lat / Long — Com status

Latitude | Part nat enabled

Longitude | Senal port Baud rate

D atum I.&MEHSFDDHTj IEEIME: j IﬁutDDetect j
— Grid — Movement

Easting ||:| Speed [mds) II:I
Marthing ||:| Heading IEI
Zone |0 b agnetich ariation ||:|

Grid IHD / ABmersfoart j
Clear | Shop | S |
0 [ Save to logfile

Figure 5.6 GPS component
There is a combo box at the right bottom of themsaireen (figure 5.4). Users can
choose the height of the viewpoint or type the neimihb the box. The value in that
box sets the eye’s level when the 3D model is digpl.

<3 welcome to the ‘*_ |EI|5]

' welcome to the webs s |EI|£[

Description:
Enviroment building on the
west of Alterra

Description:
Library and Canteen. New
name: LTTWEN

B welcome to the el 1Y

Descnption;
Alterra m Wagenigen. New
narne; TATS

Figure 5.7 Object information
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When users want to know more about the buildingsy tan simply click on the 3D
objects. Then a small web page will appear whicdtdee the objects like the figure
5.7 showing.
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6. TESTING

The application has been tested in the field nkardty of Wageningen, around
Alterra - de Haaf area. A simple 3D model has beemstructed for this area (see
figure 5.1). Before the field test, a preliminaseun study was done with the Tablet PC
in the office. This pre-test intended to let themssknow how the application works
without the GPS support, all the position and dagan data are read from a file. The
pre-test can be done indoors or outdoors in a femutes. The testing users are
master students of geo-information science and sother users without GIS
background. The number of users taking part inté#ssis 10.

6.1 Usability Test

The purpose of the field test is mainly to testphbsitioning and orientation functions
in the 3D scenes and how the information serviceksv Transmission time is also
considered because nobody wants to wait a longfomefreshing the new 3D scene.
The whole evaluation was divided into two aspedsability of the application and

usability of devices. In the first aspect, the itegtis mainly about the position and
orientation; information services and 3D model. Beeond is the comparison of the
Tablet PC and PDA. In each aspect some questioresas&ed.

» Usability of the application.

The users were asked to walk around the Alterrlgimgj by a suggested pathway (the
red and pink colored objects in figure 6.1). Thédbed line in Figure 6.3 is the route.
The path in the real world is the pavement arotnoge buildings.

Users started the application, downloaded the 38, @and connected the GPS. Here
the downloading procedure only needs to be donddyirst tester. The other testers
don’t have to do it because it will remain in thgpbcation folder. They can start at
the blue dot in the figure walking through points2land 3. They can also start at
each other place where the GPS can connect. Howleser is no priority to visit the
three points which means that they can go to pdifitst or point 3, whatever they
want.

During their walking, they tried to match the lacage in the real world and the 3D
model on the computer screen at different locatiawith their walking direction.

There are some letters put close to some buildmgise 3D model. At the particular
points, as indicated number 1, 2 and 3 in the @gtine testers could find, by the
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proper orientation, those letters. This assignmsetd test whether the application can
get the correct information about position and magon or not. Otherwise, the
testers can not find those letters or they wildfother letters instead of the expected
and thus correct ones. When they requested soner atformation about the
landscape, the server responded in a webpage format

Figure 6.1 Simulate PDA sized application

The users will answer some questions. Questiont@meur are answered during the
walking while the others are done afterwards. Thestjons to be answered in the
field are:

1. If you are on the blue point (screen) and youkveashort distance to west (reality)
then you see on the screen the abstract represantétthe trees. How many trees do
you see on the screen?

2. If you are on point 1 (screen) and you walk arststance to proximately north
(reality) then you see on the screen the abstegmesentation of a building. What
letter do you read? Please write it down.

3. If you are on point 2 (screen), you walk a sliistance proximately north (reality)
if you are from point 1; look proximately south ligas if you are from point 3; then
you see on the screen the abstract representdtianbailding. What letter do you
read? Please write it down.
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4. If you are on point 3 (screen) and you walk arststance to proximately south
(reality) then you see on the screen which is thstract representation of the
building. What letter do you find? Please writdatvn.

Afterwards they have to answer the following quosti
5. How many buildings did you see during your watktbe screen?
6. How many characters did you see during your walkin the screen?

7. Did you find the provided object information?
8. Did you mainly move on bases of the real worldnainly base on the 3D scene at
the screen?

The answer to those questions below has 5 scaleSloluse; 2—Need improvement;
3—Good; 4—Satisfactory; 5—Very Good.

9. Does the landscape in the application topoldigicaatch the real world?

10. Are you satisfied by the refresh speed of theiagfpbn?
11. Could you easily orient yourself in the 3D scene?

» Usability of the devices.

The device is a Tablet PC with a Bluetooth GPS ivece(Figure 6.2). As the
application will only be working on a PC, it is npbssible to test it on a PDA.
However, a smaller interface of the application barcreated by changing the screen
size to one that equals to the size of a PDA (leiguB).

Figure 6.2 Tablet PC and GPS receiver
So the 3D model will become smaller but the motdli is the same as the one on
the full screen. During this part of the testing tisers have to be aware that they are
not holding a PDA but using a PDA simulator instead
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i, Location-Based 3D Visualization

FromLog | e e

GPS | Jio El Stop |

Figure 6.3 Simulated PDA- sized application

The tester is only using a Tablet PC both to sHmweatpplication at its real size, and to
show a view how it would look on a PDA device. 13i@ model they will see is the
same. The question is:

12.Can you still see the trees and letters on PDAestsize?

6.2 Test results

The ten testers are some geo-information scienctematudents and some students
without any GIS knowledge. From the table 6.1, tpeestion numbers are
corresponded to the questions in section 6.1,asng questions 1 to 4 are mainly to
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see whether the position and orientation works welot. The expected answers to
the first four questions are: 4, H, A and N. Acaongdto the answers to the first four
guestions, all the testers can see the trees adddime letters in the 3D model at the
correct position and proper orientation like thectygie showed in Figure 6.3.
Sometimes they can see all the trees and the euich ketter and sometimes, if the
orientation does not reflect the walking directiary well or the eye’s level is too
high or too low, only part of trees or letters d@nseen on the screen. But sometimes
they can not see any trees or letters.

Ques. TESTERS Correct
1 2 3 4 5 6 7 8 9 10 | Answer
1 4 4 4 3 1 4 3 3 4 3 4
2 H H H H None H H None H H H
3 | Pece A A A A | Nome | A | None | A A
of A
small
4 N piece | None S N N N N N N N
of N
5 5 2 3 4 5 4 3 3 5 3 6
6 4 2 2 2 4 3 4 4 3 4 5
7 Yes Yes No No No No No No No No
3D
8 Real 3D and 3D Real Real 3D Real 3D | Real
Real
12 Yes Yes Yes Yes | Yes Yes Yes Yes Yes | Yes
Questions below: 1—No use; 2—Need improvement; 3—&sfactory; 4—Good; 5—Very Good
9 2 3 2 2 2 2 2 2 2 3
10 2 4 1 3 2 2 3 2 3 4
11 2 4 2 2 2 2 2 2 3 4

Table 6.1 Test results

The reason why this happened is mainly becaudeeoGPS data. It needs some time
to catch the testers’ walking direction. Testergehto walk a distance like 2 to 10
meters then the correct orientation data can bebgbtat that moment they may
already miss the trees or letters in the 3D scé&asters really need walk to let the
GPS catch the right directions. Sometimes theytdmove or move too slow which
means that they could not see the trees or letters.

According to question 5 and 6, most of the usersrea remember how many letters
and buildings they saw on the screen during thalkivg unless they are told to do.
But all of them can remind the letters at the fiyeant 1, 2 and 3. The testers were
more focused on the 3D model and the real landscegtead of remembering the
number of trees or letters. Some of them were ngowimthe bases of real world and
some are using 3D model by checking the answerpie$tion 8. Only two persons
found the object information by clicking on the ldings. Testers suggested that an
introduction for this function is necessary othessvthey were not aware of that. All
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of them are sure that they can see the same thirrgRDA-sized screen according to
guestion 12.

All testers asked for more detailed 3D model beedhsy found it is not very easy to
orient them in the 3D scenes. They want to sealitmest the same buildings in the
3D as that in the real world. And they hope theesi speed can be improved by
catching their speed. Moreover, if there is a sotnad can remind them what to do,
the testing would be easier in that they don’t hvénd the points on the screen but
just hear the sound from the application.
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/. CONCLUSION, DISCUSSION and
RECOMMENDATION

The research questions are answered in the coolasction based on the theoretical
literature studies and testing results. In theudismn part, the delay of capturing the
correct orientation degree is mainly discussedalBin further research work is
suggested in the recommendation part.

7.1 Conclusion

In the thesis work, a 3D model info application veescribed and made for mobile
users. It enables to see virtually the 3D landssaueording to the proper position
and orientation in the real world. Objects inforiroatcould be provided by accessing
to the server.

The thesis research is divided into two parts aditht part is more theoretical where
the different communication and positioning teclogités are compared. Then an
introduction for 3D visualization and client-senraode are come to. All of those are
considered to develop my concept for this locabased service (LBS). The second
part is more practical one where the location-ba3Bdvisualization service was
implemented. My research questions are:
1. What components does this application consist of?
2. How to capture the position and orientation?
3. How to present the 3D model?
4. How the linked object information (texts, sound asmimations, etc.) are
offered?
5. How can the application, resulting from the pregiaesearch questions be
tested to assess its usability?
The questions 1 to 4 are more related to the theory they are implemented in
practical part. The last question is practical Wwhatce related to the testing part in the
thesis.

The application is consisted of location detecti®@@ model presentation and
information support. GPS receiver is preferredc@apared with other network based
position because it is accurate and easy to g#toAdgh it can only work outdoors,
the purpose is for using outside the buildings. W\ite GPS data, position and
orientation information can be extracted by readimg raw GPS records using the
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NMEA-0183 standard protocol. Most GPS receivers e@apable to provide this

standard format. The 3D model is constructed byusikin of the polygons, lines or
points and it was downloaded at the beginning efapplication. Then it is presented
by the control of position and orientation. Theeait$ information in the 3D model is
accessible on the server under the requiremensaf clicks. Only texts information

is provided in the application.

The usability testing shows that the position andntation work well which shows
the 3D scenes in front of the testers on the sciBenhthe orientation data extracted
from GPS is not very fast so the delay makes tharidel and real landscape not
match so well all the time. More complex 3D mod&hwextures is preferred and it
would be nice if the PDA is power enough to runabelication.

7.2 Discussion

In the test results, sometimes it took a few meterget the right orientation from
GPS and could even longer if the weather is na. fWWe did a special test for the
orientation following the pavement from the bluanpdo the point 2 indicated in the
figure 6.1. The direction of this pavement is apgmately southwest (around 240
360° means north). During the test, the variation efdhientation is recorded. And at
certain points, we first rotated 36 clockwise direction and then reverse, finally
record the orientation again.

Coordinates Orientation
(Dutch Grid) (Degrees)

Test Location After 360 After 360
degrees degrees
rotation rotation anti-

Easting | Northing | Orientation clockwise clockwise

Blue point 174164 | 444231 154.71 154.71 154.71
4m west 174159 | 444229 234.67 234.67 234.67
25 m walking 234.67~~274.17

Point 1 174117 | 444210 254.95 254.95 254.95
3m to North | 174114 | 444214 352.56 352.56 352.56
15 m walking 240.07~~261.18

Point 2 174082 | 444190 188.14 188.14 188.14
2m to West | 174080 | 444189 223.19 223.19 223.19
4.5m to north | 174083 | 444201 348.92 348.92 348.92

Table 7.1 Orientation discussion

Table 7.1 shows the results of the test. Fromabket it could be seen that rotation at
the same point has no influence on the orientatiorly movement will generate the
orientation. We started from the blue point faciaghe southeast direction, the GPS
record has a 154.7brientation belonging to the zone 6(250180) as showed in
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figure 7.1. After 4 meters walking to west, the GR®vided the right orientation
along the pavement. The similar situation happemegoint 1 and 2, that after
walking 2, 3 or 4.5 meters to the certain directimmentation can be captured.

12 zones
12
11 A 1
W i
3304360
; 2
30330~ L0
270-300 4 BO-90
G - |
240-270 90-120
2D-FA0 130150
8 4
180-210 150,180
¥ \
7 8 5

Figure 7.1 Twelve zones

Between the 25 meters way from blue point to pbjrtC variation was detected. 21
variation was found when walking from point 1 toirga2. The reason is that small
turning to a different direction will cause the ofge of the orientation data because
we can not move constantly. If we equally divide t#tones, the 3D scenes may not
match because the orientation variation could caélbseapplication to show the 3D
scenes belong to neighborhood direction, althohgh3D scenes have some overlaps
as showed in figure 7.2. But there is no overlapvben neighborhood zones. For
example, if the expected direction is number 9 {24®70 in the figure 7.1), the
application could show the direction of number 802~24C) or number 10 (270
~300) when the variation of orientation is larger tig€A.

Changing the range of each zone may partially sthi& problem. In the original
application, 12 zones are set and they equallydddi Each zone indicate one
direction so one direction contains°3@B60 /12). Adjustment could be made by
increasing the range of zone along the road ancedse the range of zone not along
the road. In this case, the range of direction Bindérease from 240~270 to 225~
275 while the range of zone 8 and 10 will decreaselByand 8 each. After the
adjustment, the degree of orientation falls int®°22275 will show the same 3D
scenes which belong to direction 9.
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7107240 2407270 2707300

Figure 7.2 Overlaps between different directions

The 3D model in the application was made by Arc8camd converted into VRML.
In the VRML files, there were some changes in otdemake the objects accessible
to the server for information. And there were asme changes like adding textures
on the objects because some 3D symbols in ArcSlkomteafter the conversion to
VRML. But matching the code in file with the objsatvas boring if the number of
objects is large. So an automatically generatioB@fbuilding model is needed. In
future, X3D could also be a good choice to implentkis option.

7.3 Recommendation

The application was mainly written by Visual Bas&0. Visual Studio is
recommended for future development because mopefies$ could be found on the
internet and it also support visual basic spedifica The objects information only
contains very simple texts which tell what kind bdilding it is. Multimedia

information, such as sound, video or animationadahinto the application.

The speed of the users is not considered in thicappn. In the application, the view
refreshed when 10~12 GPS records were receivedhwhieans 1~2 seconds
depending on the GPS receiver; a supposed speearmfl walking is used. In the
future work, the speed can also be a parametdreirBD visualization to control the
refresh frequency. Lower speed may offer a morailget 3D model with lower
refresh speed. Higher speed, such as cycling vindrimay need faster refresh speed
and simple 3D model could be enough.

There is no real clipping happened in the applicabecause the dataset is small. The
whole dataset was downloaded from the server sidéh@ beginning of the
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application. If the dataset is quite big, clippioguld be done at the server side
especially when the client device is a PDA whicad power enough and has not
enough storing space. With the proper position@rehtation, the server can clip the
big dataset and then send to the client side whitlhalso reduce the transmission
time. A VRML browser always gets the entire mod&lt some people made some
extensions of VRML enabling progressive, on-demalosvnloading and smooth

rendering. Guéziec et al. [40] have presentedrmdweork for streaming geometry in

VRML. And X3D could solve this problem. Referring the approach steps in table
4.7, chapter 4.6. This thesis work stopped in dtefputure work could include step 5
by processing the clips on the server and using BNbBF connection as indicated in
step 6. And in the step 6, if the clipping functisnimplemented on server, devices
could be PDA instead of Tablet PC. But adjustmerhé application is required.

The application can only work outdoors becausenef@PS receiver. If the position
system can combine the GPS, Cell ID and RFID telcigmes, which can provide the
location inside the buildings, the whole system wamk both outdoors and indoors.
Moreover, objects under the ground can also be tougrovide more information.
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APPENDIX A SOFTWARE

1. Visual Basic 6.0

Microsoft Visual Basic, the fastest and easiest waycreate applications for
Microsoft Windows. Visual Basic provides you with camplete set of tools to
simplify rapid application development [42]. Visugdsic has the tools for developing
Data access application to access most populabatdasuch as Microsoft SQL
Server; Internet capabilities to provide accesdomuments, etc.

There is a windows CE toolkit for Visual basic &th which you can develop
applications for a Palm-size PC using a subsethef\lisual Basic language and
ActiveX controls. The toolkit modifies the existingisual Basic IDE to allow
development for compact devices, but maintains ex ugerface that is consistent
with the IDE used for desktop-application developtndhe Windows CE Toolkit
consists of an integrated set of menus, tools,taalbars that augment the desktop
IDE. Application development for the Palm-size PSIng the toolkit closely parallels
application development for the desktop using Migasic 6.0.

2. ASP

ASP is a program that runs inside Internet InforamaServices (IIS) which comes as
a free component with Windows 2000 or XP. An ASE, fivith the file extension of
.asp, is just the same as an HTML file. An ASP &iéan contain text, HTML, XML,
and scripts. Scripts in an ASP file are executethenserver. The ASP file is just the
same as the HTML file. The main difference betwé®n execution of HTML and
ASP is when a browser requests an HTML file, theesereturns the file. When it is
an ASP file, IIS passes the request to the ASPnengdine ASP engine reads the ASP
file, line by line, and executes the scripts infileeand finally the ASP file is returned
to the browser as plain HTML. The scripts are sers@ipts surrounded by the
delimiters <% and %>. The sever scripts can be &fipsor Java script including any
variables, functions, procedures or operators valdsingle example is showed
below:

<html>
<body>
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<% response.write("<h2>use HTML tags</h2>") %>

<% response.write("<p style='color:#0000ff'>Thiext is styled!</p>") %>
</body>

</html>

An ASP file normally contains HTML tags, just liken HTML file. However, an ASP
file can also contain server scripts, surroundedhieydelimiters <% and %>. Server
scripts are executed on the server, and can comataynexpressions, statements,
procedures, or operators valid for the scriptingyleage you prefer to use.

By using the ASP, we can dynamically edit, changadal any content of a web page,
respond to user queries or data submitted from HTibHms, access any data or
databases and return the results to a browseQmirg a web page to make it more
useful for individual users, provides security iatt your ASP code can not be viewed
from the browser. Since ASP files are returnedlaism piTML, they can be viewed in
any browser, and minimize the network traffic if Rgrogramming is well done.

3. ADO

ADO is a Microsoft Active-X component which is antatically installed with
Microsoft IIS. It is a programming interface tocass data in a database. The
common way to access a database from inside arpag®is [42]:

1) Create an ADO connection to a database;

2) Open the database connection;

3) Create an ADO record set;

4) Open the record set;

5) Extract the data you need from the record set;
6) Close the record set;

7) Close the connection;
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APPENDIX B ACRONYMS and DEFINITIONS

ADO

ActiveX DataObjects

ASP

Active ServerPages (Microsoft); server-side technology for
dynamically-generated web pages. An ASP file cartain text,
HTML tags and scripts. Scripts in an ASP file axeaited on
the server.

CDMA

152

CodeDivision Multiple Access is a form of multiplexing (not ¢
modulation scheme) and a method of multiple acttegsdoes
not divide up the channel by time or frequency,ibstead
encodes data with a certain code associated vatfaanel and
uses the constructive interference propertiesesignal
medium to perform the multiplexing.

CDMA2000
=2.5G

a family of third-generation (3G) mobile telecomraations
standards that use CDMA, a multiple access schenwidital
radio, to send voice, data, and signaling datah(sisca dialed
telephone number) between mobile phones and tedl. 4t is
the second generation of CDMA digital cellular.

EDGE
=3G

Enhancedata rates foSM Evolution. A digital mobile
phone technology which acts as a bolt-on enhancetn @t
and 2.5G General Packet Radio Service (GPRS) nlkeswdhis
technology works in TDMA and GSM networks. EDGEs(al
known as EGPRS) is a superset to GPRS and candurut
any network with GPRS deployed on it, provideddhgier
implements the necessary upgrades.

GPRS

GeneralPacketRadio Service; a mobile communication
technology designed to transport data.

GPS

Global Positioning System.

GSM =2G

Global System forM obile communications or Group Special
Mobiles; standard for mobile phones.

NMEA-0183

A standard for position data communication, fotanse
between a GPS receiver and a PDA, developed hydkienal
Marine Electronics Association.

PDA

PersonabDigital Assistant; a type of handheld computer.

Pocket PC

A special version of Microsoft's Windows Compactititm
(Windows CE) enabled with cellular phone and tegsgsaging
features. There are three versions of Pocket PG, ZTD2 and
2003.
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UniversalMobile TelecommunicationSystem. One of the
UMTS third-generation (3G) mobile phone technologiesisks W-

=3G CDMA as the underlying standard, is standardizethby3GPP,
and represents the European/Japanese answer TaJthe T-
2000 requirements for 3G Cellular radio systems.

VRML Virtual Reality M odelingL anguage

WidebandCodeDivision Multiple Access. A type of 3G
WCDMA cellular network. W-CDMA is the technology behiret3G
UMTS standard and is allied with the 2G GSM staddar

The successor of VRML, ISO standard defined bywsd 3D

X3D Consortium
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APPENDIX C STEPS TO APPLY A NEW

DATSET INTO THE
APPLICATION

1. Unzip the zip file visualization.zip. You can put it anywhere in your

computer. Here we unzip to C:\Temp\. There are ethfelders inside:
3Dvisualization which is the applicatioryisual3D where you can put all you
temporary datayisual_serverfileswhich contains the proper server computer.

. Open ArcCatalog, browse to foldir\Temp\visualization\visual30. If you

have different folder, then go to your own place.

. Create a new shapefile by right clicking on thedéol (here is “visual3D");
chooseNew then point toshapefile open the “Create New shapefile” dialog,
write down the name e.g. “buildings”, chooBelygon as the feature type;
Click Edit... to open the “Spatial Reference Properties” dialofick
Import... then browse to find the dataset which has thet rigiordinate
system, clickAdd, then pres©k. PressOk again to finish the procedure.

Create New Shapefile , el |
Mame: IEuiIdings
Feature Type: IF'DI_I,IgDn :J
— Spatial Reference
Descriptian:
Unknown Coordinate System ﬂ

of

[ Coordinates will contain M values. Used to store route data.
" Coordinates will containZ values. Used to store 3D data.

4

™ Show Details

ok

Cancel |

Spatial Reference Properties 3

Coordinate System I

M ame: iUnknown

Detailz:

[]

Select... Select a predefined coordinate system.

Import & coordinate spstem and <./, Z and M
domainz from an exizting geodataset (e.g.,
feature dataset, feature class, raster).

i

Import....

Mew.. +| Create a new coordinate system.
Edit the properties of the currently selected

fadfy. coordinate system.

i

Elzar Sets the coordinate system to Lnknown,

4. Right click on the new shapefile (name “buildingsthooseProperties to

Save A

g

Save the coordinate system to a file.

2]

ak Apply

| Cancel I

open the “Shapefile Properties” dialog, chooseRieéds tab. Under the field
name, click on the blank line and write down theneaof a new attribute such
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as “Description” and then choodeext as data type. Pre€3k to close the
dialog. This step is actually optional. If theres arot too many buildings or
other objects you want to construct, skip this st®pherwise, this new
attribute help you easily remind what this objecabout.

Shapefile Properties i _ﬂﬂ

General Fields Ilnder:esl

Field Matme Data Type H
FIC Ohject ID
Shape Geometry
I Long Integer
Des Text Ll
Short Integer
Lang Integer
Float
(Dbl ﬂ
Click any figld to zee itz properties. i
— Field Properties
|Length 50

Iripart..

To add a niew figld, type the name inta an empty row in the Field Mame column,
click in the Data Type column to choose the data type. then edit the Field
Froperties.

k. I Cancel | Apply |

5. Repeat step 3 to create more polygon layers, efaathioh will represent one
building. This time we skip step 4 because the 3Rlehwe will construct is
simple. Let's assume the name for those layersbareing_1, building_2,
building_3, etc.

6. Close ArcCatalog.

7. Open ArcMap to start a new empty map, add thosklibgs layer through
“Add data” dialog. Also add a satellite image itib@ table of contents which
is easier for you to identify some objects; Makeesilne image also have the
same coordinate systems as the layers. @ldik to close this dialog, and you
will see the layers in the Table of Contents. Tamrthe satellite image.
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X
Loak in: |[:| Dizplay j El E’lﬁlgl |_ e S
_1MyData El north.shp El south_bd.shp
i afeley & nakbldg.shp @ kexbure,bmp

2 afelevpoly.shp [ oakridge B8 twincity

flake.shp E oakwells, shp @twincity.lyr

| afriv.shp ‘@Dcean.lyr

] airphota.lan El acean.shp

2] carvon ¥l :b_isle

2 canvonlawver er @sb_isle.lyr

..... continents. shp %snuth_bd.lyr

M ame: I Add

Show of type: IDatasets and Layers [*.lyr] j Cancel |

8. Click theﬁ button, theEditor toolbar will appear; Click on the Editor then
chooseStart Editing, set the task as “Create New Feature” and the target
layer is “buildings” or others if you defined a féifent name; Use the sketch

toolz to draw a polygon around a building based on #tellge image; the
figure below shows an example which is the polygbAlterra Gaia building
in Wageningen.

| ¥ | f ¥ Task: ICreate New Feature j | Target: [ EMs

You can delete this polygon if you don’t satisfydathen redraw it again. Click
Editor then choosé&ave Edits. If you think you have finished, choos&top
Editing in the Editor Toolbar
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Editor |
Editar = | - H_' 1

" sStart Editing
B Stop Editing
[Efr Save Edits

Maowve...
Split. .

A Divide. ..

’ Buffer. ..

'f}’ Copy Parallel,..
[Merge...
IJmicr
Inkersect

Clip...

More Editing Tools — p

@ YWalidate Features

Snoapping.. .

Options. ..

9. Repeat step 8 to edit more polygons to represerbuiidings or other objects.
Save this file fromFile -> Save Write a name for this file, e.qg.
objects_3D.mxd.

10.Click the & button to find the Xmin, Xmax, Ymin, Ymax coordiea in
your study area, write Xmin, xmax, ymin, ymax' in a text file name
boundary.txt. The comma between them is requireake Sthe file into

[C:\Temp\visualization\3Dvisulizatior]. Close ArcMap.

=T

File Edit Format Wiew Help
L73814,174384,4440359,444557 ﬂ

[

11.0pen ArcScene. Add those Building layer and thell&t image through
“Add Datd’ dialog.

12.0pen the “layer Properties” dialog of one of theilings layers (e.g.
building_1). Choose the “Extrusion” tab. Input amher in the “Extrusion
value or expression:” box, we type 10 here. Ledneedpply extrusion by as
“add it to each feature’s minimum height”. Cliépply. Drag this dialog so
you can see the result. The color of the buildiag be different and you can
change it;
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21|

General I Source | Selection | Dizplay | Sumbology | Field= | Definition Query I
Joing & Relates I Baze Heights Estruizion | Rendering

Extrude features inlayer. Extruzion tums pointz into vertical ines, lineg into
v ;
wallz, and polygons into blocks.

Estruzion walue or expression:

10 = &l

Apply extrugion by:

adding it to each feature's minimurm height j

Click on the “Base Heights” tab, if you have a DEdiigital Elevation Model) for

this area, click@ besides the “Obtain heights for layer from surfatzopen
the surface dialog, browse to select the datadhent. ClickOk to close the
Layer properties dialog.
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ElE

General I Source I Selection | Dizplay | Symbology | Fields I Diefinition Cuem
Joins & Relates Basze Heights | Estruzion I Rendering
—Height

% |lze a constant value or expression to zet heights for layer:
j 4 &
) Dbtain heights for laver from sulface;

Fraster Fesolution...

! Laver features have 2 values, Use them for heights,

— 2 Unit Conversion

Apply conversion factor to place heights in zame unitz as scens; ciistom j I 1.0000
— Offzet
Add an offzet using a constant or expression:
0 = H |

Ok | Cancel | Spply |

suface
Laak, i II:l dwkderma j El $|W|D|

2 100_0094.ipg £ 101 _0103.ipg
100_00%6.jpg ## 101_0110.jpg
100_0097.jpg ## 101_0111.jpg
100_0095 _r1.jpg @ alterra.bmp

100 0100 _rl.jpg B alterra.ipg
101_0102.jpg @ alterra_zoom.jpg
101_010% ri.jpg

101_0104.jpg

2 101_0105.jpg

Mame: I Add

Show of type: ISurfan::e datazets j Cancel |

13.Repeat step 13 to extrude more buildings or othgrats. Here is the sample
result.

Appendix C 56



Location Based 3D visualization isesv

i P

14.In ArcScene, clickView -> view settings..will open the “view settings”
dialog, choose “Orthographic (2D view)”, and théose this dialog. You will
see the layers in 2D view as you see in ArcMap.

Diztance ba target; 574 58

Apply |

Applies ta: I k ain Wigwer j
— Positions
Observer Target
¥ |174099.15 ¥ |174099.15
¥ [444296.57 Y: [444298.57
Z: |0.00 Z: |0.00

—iewing characteristics
Frajection:

" Perspective

' Orthographic [20 view]
" Steren View

Rall angle and pitch:

-

Viewfield angle: [0 =

!
]

14

Cancel |

15. Click File —> Export Scene —> 300 open the “Scene Export” dialog, write
down the nam8D_features(don’t change it), save it into:

[C:\Temp\visulization\visual serverfile$.
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Scene Export 7] x|
Save in: I ) TEMP j = % Ef-
|7)DHTML test
| YirkualCampus

| iws_ExpYEAEnYy
| iws_YEAForms

File mame: | Export

Save as ype: IVHML [*.wrl] j Cancel |
Optionz... |
&

16. Edit the 3D_features.wrl by notepad or vrmlpad dRime “Navigationinfo”
and “Viewpoint”, delete them. Addriline {url "position.wrl"}”  to their
place. Save the file

HavigationInio

headlight FALSE
speed 28530451
b

Viewpolint

fieldOfView 0.3

orientation 1 0 0 -0 735398

po=ition 0.000000 1164 319336 1141 218018
description "default"

T

AVEML V.. 0 utis
WorldInfao

title "ArcScene Document '
info  "Generated by ArcScens"

¥

Baclground

zkyColor 0.100000 0.300000 0.900000
I

Directionallight

anbientIntensity 1.0
direction 0.612372 —0.500000 0.612372
b

Inline {url "position.wrl"}
NN X XXX XXX XNEIEENENEIENXNE
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The step 17 will edit the 3D_features.wrl file irder to make the
3D objects access to the server. Step 18 willtediserver
database and ASP file. If the server is not reskiyp, these two
steps and the@opy 3D _features.wrl to

|C:\Temp\visualization\3Dvisulization then Go to step 19.

17.Find the codes which corresponded to the buildorgshjects. My way to do
it is Toggle comments on some codes and then sbyeets will disappear.
See the results then match them! The codes fdsuheings always like this:

Group # (Layer node)
= {

children

[

Shape
Bl 1
appeEarance
AppEarance

naterial

Haterial

{
anbientInten=zity
diffuseColor
enizziveColor
shininess
specularColor
transparency

400
400 0.800 0,204
.000 0.000 o.000
.ono
.000 0.000 o.000
.ono

oo oo oO

} & end appearance
geonetry
IndexedFaceSet

cow FALSE
=olid FALSE
coord

Coordinate

coordIndex

ni12-1345-1678-1910 11 -1 12 13 14 -1 15 16 17 -1 18 19
1
creassingle 0.0
T ¢ end face ==t
} # end shape (face =set)
1
I

Change to code in the black frame into:

Anchor #(Layer node)

{ url “javascript: function pop() { window. opethtp://server name
I/serverfolder /NewWest.asp','newpage’,'width=20@/me80");}; pop();}’

description *”

You can find some help about the command “Anch@tiange the name of
function as you like. Here we upep (). The server name and server folder
you can ask the server administrator. The sampldtre
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Anchor  # (Layer node)  New University building Vest
= 1 url "javascript:function popZ() {window open{'http:sesgtZidlsvisualization3DeHewlget asp

', 'newpage’,
description ""

CIIlaren
[
Shape
{
appEarance
Appearance

naterial
Haterial

ambientInten=sity 0.400
diffuseColor 0.663 0.000 0.902
enissiveColor 0.000 0.000 0.000

shininess 1.000
specularColor 0.0a0 0.a00 o.000
transparency 0.0a0

1t end appearance
geanetry
IndexedFaceSet

ccw  FALSE
zolid FALSE
coord

Coordinate

coordIndex
[
012-1345-1678-191011-11213 14 -1 15 16 17 -1 18 19 20 -1 21 22 23 -1 24 2§

creasehngle 0.0
1 # end face set
Y ¢ end shape (face =set)
1
ki

Here esgt2391 is my server name and the filestaredsin visualization3D
folder. Follow this step until you changed all thedes. Save this file.
Compress this file 88D _feautures.zipfile.

Copy all the files in visulization_server to the progerver folder. Normally,

it is the |C:\inetpub\wwwroot\.|] Create a new folder name “visulization3D”

here,pastethe files into this folder. Keep this folder open!

18.0pen Info.mdb in the folder “vusulization3D”, whiéh a Microsoft Access
file. There is a table called “Buildings”. Doubléck on it and you will the
records.

Buildings
ObjID Name Description
1|Alterra Alterra in Wagenigen. New name: GAIA

WestAlterra |Enviroment building on the west of Alterra

EastAlterra  |Library and Canteen. New name: LUMEN

NewWest New Unversity building. It will be the main building from 2006

NewEast New University building face to LUMEN

Edit the name of some buildings and their desaniygi Here we only provide
the text information. If you finished editing, yahould save your results.
You also see the some files with .asp extensiothis folder with the file
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name the same as the name in the table aboveu Big some new records in
the database, copy one of the .asp file and pastethe same folder, then
rename it with the same name as the name in naaidedi “buildings” table.
Open this new .asp file by Notepad; change the nartiee black frame to the
file name without .asp extension. Save and closdila

R
File Edit Fomat “iew Help

set conn=Server. CreateObject ("4DODE. Cormection”) B
corrn. Provider="Microsoeft. Jet. OLEDE. 4. 0"

corm. Open(Server. MapPath (" info. ndb” ) _J

set rs = Server. CreateObject ("ADODE. recordset”)
sql="Select Description from buildings where Name=YiEiiechd
rs.0Open sgl, conn

19.Open folder|C:\temp\visulization\3Dvisualizatior], click the vis3D.exe to
run the application. If you didn’t do step 17, ywill see:

&. Location-Based 3D Visualization 1ol x|

@ Action canceled

Internet Explorer was unable to link to the Web page you
requested, The page might be temporarily unavailable.

Please try the following:

Click the Refresh button, or try again later,

o If you have visited this page previously and you want to
view what has been stared on your computsr, click File,
and then click Work Offline.

« For information about offline browsing with Internet
Explarer, click the Help menu, and then click Contents
and Index.

Internet Explorer

Fram Log GRS Height of \/IBW|1D 'I Start Stop

Nothing is displayed in the frame because the mé&iron on the server is
unreachable. Remember you have copied the 3D_é=aiwnt to this folder
[C:\temp\visulization\3Dvisualizatior].

If the server is working, you will see:
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& location-Based 3D Visualization

Please click the download
Please save the file to C:'Documents and Settings'zhou007 Desktop' Thesis'3Dvisualization

Download...

; | : | Height of View"m Start | Stop |

Click on the Ilink and download the 3D data and pnzi to the

[C:\temp\visualization\3Dvisulizatior|. Click Start button. You will see your

3D model. See the sample model. You can changesyeuevel by choosing

the number beside “Height of View”. This interfasghe main one.
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. Location-Based 3D ¥isualization - ol x|

Fomlog | @Ps | Height of Yiew]iD - st | se |

20.Change your computer system time back to 23/11/2@@ause of the license
restriction (it's a free open source, but you nask for license key after one
month). Open your GPS device (if you don’t haveatv or you are in the
building, go to step 22), Click th@PS button to open the “GPS information”
dialog.

21.Choose the righbatum andGrid. And set theserial port. Click Start then
the application will try to connect to GPS. You cse the status at the upper
right of this dialog.Don’t close or minimize this dialog. Switch to the main
one as the picture above. Now you can start to m8ee how it works!!!!
You can track your route by click the “Save to i@jfcheckbox.
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_lojx

—Lat / Long — Caom gtatuz
Latitude I Port ot enabled
Longitude | Serial port Baud rate
Biali I.&MEHSFDDHTj IEDME: j I.&utnDetect j
— [arnid — Miovement
£oling ID Speed [m/s] ID—
Marthing ||:| eading IEI—
£ans ID M agrietic ariation ||:|
Girid I RO / Amersfoart j
Clear | Stop | Start |
0 [T Save tologfile

22.1f you don’'t have the GPS device now or you arehi@ building, there is a
demonstration to show how it works. Click theom Log button (still change
the system time) and you will open the “GpsToolg’ Idialog. Click on the
buttonRead sentence from logyou will see how the 3D model display in the
main frame changes.

i

GPS data

MMES Sentence: i

I$GF’VTG,2E4.03,T L0000, 000K 2573

i Read zentence from log I
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